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(54) METHOD OF DETECTING 2-METHYLISOBORNEOL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To easily detect 2-MIB with high sensitivity in a 



short time by utilizing a camphanol having a structure similar to 2- 
methylisoborneol(2-MIB) which is a mold odor causing material. 
SOLUTION: A 2-MIB detecting sensor 1 having a gold electrode mounted on a 
quartz oscillator to immobilize a camphanol. OVa composite antibody, and the 
non-covered part of the gold electrode blocked by bovine serum albumin (BSA) is 
connected to an oscillating circuit 2, a frequency counter 3, and a personal 
computer 4, and when 2-MIB is adhered to the camphanol. OVa composite 
antigen, the weight can be measured as the change of frequency. The sensor 1 
is set to a measuring cell having a capacity of 150mL, and air passed through 
activated charcoal 6 in order to a fixed measuring environment is sent in 120mL 
/minute by an air pump. A vessel of about 500p I is prepared for dipping the 
quartz oscillator having the gold electrode, the camphanol. OVa composite 
solution having a concentration of 0.5mg/mL is prepared, and the camphanol. 
OVa composite is immobilized on the gold electrode. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The detection approach of 2-MIB using the antigen-antibody reaction of 
the camphor by which structure was similar to 2-methyl isoborneol (following 2- 
MIB and publication), the anti-2-MIB antibody produced using proteinic complex, 
and a 2-MIB of the measuring object, and camphor and a protein complex 
antigen. 

[Claim 2] 2-MIB of the strange concentration which carries out a dipping into the 
measured solution which prepared the transducer which fixed the camphor and 
the protein complex antigen with which structure was similar to 2-MIB so that an 
anti-2-MIB antibody might serve as fixed concentration, and is contained in a 
measured solution, By output change of the transducer by the anti-2-MIB 
antibody which the camphor and the protein complex antigen fixed on the 
transducer were made to react with an anti-2-MIB antibody competitively, and 
was combined with camphor and a protein complex antigen as a result The 
detection approach of 2-MIB which carries out the quantum of the 2-MIB 
concentration in a measured solution. 



[Claim 3] An anti-2-MIB antibody given in claims 1 and 2 is the detection 
approach of 2-MIB characterized by producing using the complex of camphor 
and cow serum albumin. 

[Claim 4] Camphor and a protein complex antigen given in claims 1 and 2 are the 
detection approach of 2-MIB characterized by protein being ovalbumin. 
[Claim 5] a transducer according to claim 2 - a quartz resonator or surface 
acoustic element (SAW component) it is - the detection approach of 2-MIB 
characterized by things. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach an immunoreaction 

detects 2-MIB which is the mold odor matter contained underwater. 

[0002] 

[Description of the Prior Art] The complaint about the odor and taste of a 
waterworks and damage are in the inclination of an increment every year. Mold 
odor matter with which this odor and taste is generated by extensive generating 



of the algae by eutrophication of contamination of a source, a lake, etc., such as 
2-methyl isoborneol (2-metylisoborneol:2-MIB) and JIEOSUMIN, is the causes. 
For this reason, in order that the requests to supply of safe and delicious water 
may mount among people and may aim at adequate supply of more high quality 
tap water in response to this request in recent years to tap water, the 
"comfortable Water-Quality-Standards item" which contains the mold odor matter 
as an item which complements a drinking water standard is set up. For this 
criteria achievement, development of the sensor in connection with a smell and 
an altitude water purification processing system is important. 
[0003] Now, in water quality management of water purification, human being is 
supervising by smelling a smell for every fixed time amount through the nose. 
Moreover, as an analysis means of a mold odor, purge trap gas chromatography- 
mass spectrometry and the solid phase extract GC/MS method are adopted as a 
regulating method. However, these analysis means have some troubles from a 
viewpoint of continuous monitoring of water quality, it is simple and quick and 
development of a measuring method and equipment without individual difference 
is demanded. 

[0004] On the other hand, in the quality control field of food stuff industry or 
chemicals, the "smell sensor" which has a threshold near human being's nose as 
a measuring instrument about a smell is developed, and it is marketed from 
several companies. There is a sensor using the lipid covering quartz resonator 
which detects the smell matter by the metal oxide semiconductor sensor 
detected by 1 resistance value change, KONDA cutin GUPORIMA - which 
detects by 2 conductivity change, and 3 weight change etc. in the typical 
measurement principle of goods. 

[0005] Moreover, in a researches-and-developments phase, although assay with 
the luminescence gene of the mold odor matter etc. is reported (1303 the 
collection of the 50th time annual academic lecture meeting lecture [ besides 
Yoshinobu Ishibashi ] outlines of Japan Society of Civil Engineers, p1302- 1995), 
the least concentration of 2-MIB in which a quantum is possible is 0.1 mg/L. 



[0006] 

[Problem(s) to be Solved by the Invention] Although the above-mentioned 
regulating method can perform highly precise measurement, in order that it may 
require skill for three actuation that 1 time of the measuring time is as long as 
about 5 hours being complicated, and analyzing correctly also including the 
concentration of two samples with 1 expensive equipment, there are troubles, 
like there is a difficult field in routine analysis. 

[0007] 2 [ moreover, ] which lacks in functionality with the feeling of the lack of 1 
sensibility, or human being about a commercial smell sensor in order to 
distinguish a smell by the pattern comparison of several sorts of sensor 
responses to a certain smell, 3 quantum measurement which there is no 
selectivity over a specific smell and needs the analysis of the measurement data 
based on statistics processing is difficult. Therefore, in order to apply a 
commercial smell sensor to the odorant monitor of water purification, there are 
problems, like there is the need of solving problems, such as sensibility, 
selectivity, and quantum nature. 

[0008] This invention solves the above-mentioned trouble and aims at offering 
the measuring method which can detect 2-MIB to high sensitivity for a short time 
easily. 
[0009] 

[Means for Solving the Problem] In order to attain this purpose, in this invention, 
the camphor (Camphor) which has structure similar to 2-MIB which is a mold 
odor causative agent is used, and an antigen-antibody reaction attains singularity 
(high selectivity) and high sensitivity. 
[0010] 
[Formula 1] 




[0011] 
[Formula 2] 




[0012] The camphor which specifically has structure similar to 2-MIB which is the 
above-mentioned mold odor causative agent, and the transducer which fixed the 
proteinic complex antigen The dipping of the anti-2-MIB antibody to combine is 
carried out into the solution measured [ fixed concentration **** ]. 2-MIB - being 
specific (alternative) - 2-MIB of the strange concentration which exists in a 
solution, and this camphor and protein complex antigen are made to react 
competitively. As difference from the amount of joint antibodies when the amount 
of anti-2-MIB antibodies combined with the camphor and the protein complex 
antigen fixed on the transducer as a result is calculated by output change of a 
transducer and 2-MIB exists It is characterized by carrying out the quantum of 
the 2-MIB concentration in a measured solution. 
[0013] Moreover, in producing an anti-2-MIB antibody, this invention is 
characterized by using the complex (following camphor and BSA complex, and 
publication) of camphor and cow serum albumin (Bovine Serum Albumin: 



Following BSA and publication) as an antigen, therefore, 2 camphor to which 
production of an antibody becomes easy by using the camphor of instead of 
water solubility for 2-MIB which it is refractory in 1 water and is hard to treat in it 
is low-molecular, and if independent, in order not to show antigenic, the 
advantage which acquires as it becomes possible to give antigenic, and is said 
by making it combine with BSA arises. 

[0014] Moreover, when camphor and ovalbumin (Ovalbumin: Following Ova and 
publication) carry out the complex (following camphor and Ova complex, and 
publication) of the complex used for the competitive reaction of 2-MIB, in the 
case of a reaction with camphor and Ova complex, the anti-2-MIB antibody which 
produced camphor and BSA complex as an antigen can recognize only camphor, 
and can join together. 

[0015] Moreover, this invention uses a quartz resonator or a surface acoustic 
element (SAW component) for a transducer, detects the amount of association of 
an anti-2-MIB antibody as weight change from frequency-ization before and 
behind a reaction, and can carry out the quantum of the 2-MIB by the above- 
mentioned approach. 
[0016] 

[Embodiment of the Invention] 

below the [example 1] and this invention - a transducer a quartz resonator (an 
AT cut --) Production of the camphor and the Ova complex fixed in ** transducer 
about the case of 10MHz, ** Production of the anti-2-MIB antibody put in into a 
measured solution, the singularity trial of a ** anti-2-MIB antibody, and a result, ** 
Explain in order of production of the detection equipment of quartz-resonator use 
2-MIB, and the sensor for 2-MIB detection, the method of detecting 2-MIB using 
** competitive reaction, and creation ** of the calibration curve by 2-MIB of ** 
known concentration. 

[0017] ** . -- production [ of the camphor and the Ova complex fixed in a 
transducer ]: - the ethanol of 14mL(s) and the sodium hydroxide of 2 
conventions of 16.5mL(s) were added to camphor 1g and 2.84g of 



orthochromatic carboxy methoxyl amine hemi (O-Carboxymethoxylamine hemi) 
hydrochlorides, and it flowed back for 6 hours, and was left at 25 degrees C 
overnight. The pure water of 200mL(s) is added to this, and it is 2 mol/m3. It 
prepared to pH9.5 using the sodium hydroxide, and this was prepared to pH3 
with the hydrochloric acid of 1 convention of a water layer after the 3 times 
extract with the ethyl acetate of 30mL(s). The camphor carboxymethyl oxime 
(Camphor-carboxy methyloxime, Following CMO and a publication) was obtained 
because put this at 0 degree C overnight, and collect the produced precipitate 
according to centrifugal separation (it is 5 minutes at 3000 revolutions per 
minute) and it carries out reduced pressure drying under existence of a calcium 
sulfate after washing with the pure water of 500mL 
[0018] Next, the tetrahydrofuran (tetrahydrofuran) of 1mL was added to the 
triethylamine (Triethylamine) of 18.9mg CMO and 12microL, and after cooling 
and the isobutyl chloro FORU mate (Isobutyl chloroformate) of 12microL were 
added at -5 degrees C, and it shook for 30 minutes at -5 degrees C. It was 
dropped into Ova solution 5mL of 20 mg/mL which cooled this reaction mixture, 
and shook at 4 degrees C overnight. This was dialyzed with pure water and 
camphor and Ova complex were obtained. Preservation performed 
cryopreservation at -20 degrees C. 

[0019] ** . - production [ of the anti-2-MIB antibody put in into a measured 
solution ]: -- 2-MIB as an antigen was refractory in water, and since handling was 
difficult, it used for production of an antibody the camphor which has structure 
similar to 2-MIB. However, since camphor does not have antigenic with low 
molecular weight, it needs to combine macromolecules, such as protein, and to 
consider as an antigen. Antigenic weak BSA is comparatively more suitable than 
Ova which has antigenic [ strong ] as this protein. Then, camphor and a BSA 
complex antigen were produced by the same approach as the camphor and the 
Ova complex stated to **. 

[0020] Next, this antigen was diluted with PBS (Phosphate Buffered Saline) for 
production of an anti-2-MIB antibody, and the emulsion for immunity was 



produced using 300microL of 300micro of this diluent L, and the Freud perfect 
AJU band (Freund Complete Ajuvant) by "Nakarai Tesuku, Inc." Intraperitoneal 
injection was performed to the "Narikazu laboratory animal" BALB/C mouse of 5 
weeks-old male, and immunity of this was carried out to it. A lymphocyte is taken 
out from the spleen of the mouse which carried out immunity, and it suspends in 
E-RDF of 10mL after centrifugal separation (200-400xg, 5 minutes), and is about 
1x108. The lymphocyte of an individual was obtained. This suspension and 
2x107 Cell fusion was performed promptly after preparing the myeloma 
suspension of an individual. This cell suspension is cultivated by a HAT medium 
etc. by the well of 96 hole microplate. the well which the hybridoma increased - 
enzyme-labeling immunoadsorption (it Assay(s) Enzyme-Linked Immunosorbent 
[ ] -) After performing screening by the ELISA method and publication below, the 
serum free medium containing an antibody After centrifugal separation and 
filtration, The fractions containing an antibody were collected, with the tris (Tris)- 
hydrochloric-acid buffer solution (pH7.4) of 10mM(s), it freeze-dried, the anti-2- 
MIB antibody was obtained after dialysis, and cryopreservation was performed at 
-20 degrees C. 

[0021] ** . -- the singularity trial of an anti-2-MIB antibody, and result: - the 
specific monoclonal antibody was chosen as 2-MIB by measuring the reactivity 
by the contention ELISA method using serum-free culture supernatant liquid by 
using 2-MIB and analogue other than this as an isolation antigen about the 
obtained anti-2-MIB antibody. Since the anti-2-MIB antibody produced camphor 
and BSA complex as an antigen, it shows singularity to both camphor and BSA. 
For this reason, camphor and Ova complex were used for the fixed antigen in the 
exam, using this complex -- camphor or 2-MIB - screening of a specific antibody 
is attained. First, as a fixed antigen, the coat of camphor and the Ova complex 
was carried out to the EIA plate used by the enzyme immunoassay (Enzyme 
Immunoassay) of 96 holes, and it was blocked. The dilution train (1000- 
0.01microg/mL) was made from 10% ethanol-twin (ethanol-Tween) 20-PBS for 
seven sorts of compounds (Camphor) similar to 2-MIB which shows a chemical 



formula below to coincidence, i.e., camphor, a camphor quinone 
(Camphorquinone), a NORUKAN fur (Norcamphor), a borneol (Borneol), 
isoborneol (Isoborneol), norbornane (Norbornane), and norborneol (Norborneol) 
10 times. Equivalent mixing of the serum free medium containing these and each 
antibody was carried out, and it incubated for 30 minutes. It has checked that had 
almost no reactivity to norborneol, a NORUKAN fur, and norbornane, therefore 
the anti-2-MIB antibody by this invention had very high singularity to 2-MIB when 
a singularity trial is performed for this reaction mixture as an antibody sample. 
[0022] 
[Formula 3] 



camphor 




[0023] 
[Formula 4] 




[0024] 
[Formula 5] 



norcamhor 




[0025] 
[Formula 6] 



Hj 



borneol 



[0026] 
[Formula 7] 



isoborneol 




[0027] 
[Formula 8] 
norbornane 



[0028] 
[Formula 9] 
norbomeol 



[0029] ** production [ of the detection equipment of quartz-resonator use 2-MIB, 
and the sensor for 2-MIB detection ]: - detection equipment [ of 1 quartz- 
resonator use 2-MIB ]: - drawing 1 is the block diagram of the detection 
equipment of 2-MIB using frequency measurement of a quartz resonator. The 
sensor 1 for 2-MIB detection which attached the golden electrode to the quartz 
resonator, fixed camphor and an Ova complex antigen, and was blocked by BSA 
into the non-covered part of a golden electrode can measure weight as change of 
a frequency, if it connects with an oscillator circuit 2, a frequency counter 3, and 
a personal computer 4 and 2-MIB adheres to camphor and an Ova complex 
antigen. In order to set the 2-MIB detection sensor 1 into the measurement eel 5 
of capacity 150mL and to maintain a fixed measurement environment, the air 
through activated carbon 6 is sent at a rate for 120mL(s)/by the air pump. 
[0030] The sensor 1 for 2-MIB detection is produced by the approach of 23 
described below. 





2) Immobilization of the camphor and the Ova complex to the electrode top of a 
quartz resonator : drawing 2 is the flow Fig. showing the sensor for 2-MIB 
detection, and its production approach. Each drawing shows each matter 
typically. First, as an object for the dippings of a quartz resonator 1 1 which 
attached the golden electrode 12, the upper part of the micro tube for 2mL was 
cut, and the container of about 500microL capacity was prepared. The camphor 
and the Ova complex solution of concentration 0.5 mg/mL were prepared there, 
the dipping of the quartz resonator 11 which attached the golden electrode 12 at 
the temperature of 25 degrees C for 17 hours was carried out, and camphor and 
the Ova complex 13 were fixed on the golden electrode 12 like drawing 2 (b). 
Furthermore, pure water performed washing for 35 minutes for non-fixed matter 
removal, the frequency was measured with the detection equipment of 2-MIB of 
drawing 1 after 1-hour desiccation, and fixed camphor and Ova complex weight 
were computed from the frequency change from initial value. 
[0031] 2) Blocking by BSA of camphor and Ova complex : the dipping of the 
quartz resonator 14 with a golden electrode which fixed camphor and Ova 
complex was carried out at the temperature of 25 degrees C, and 55% of 
humidity for 17 hours, and blocking processing was performed for the non- 
covered part 15 of the electrode of a quartz resonator in the BSA solution of 
concentration 0.5 mg/mL by BSA16 like drawing 2 (c). Furthermore, the 
frequency was measured with pure water with the detection equipment of 2-MIB 
of after 55-minute washing and 1-hour desiccation and drawing 1 , and fixed BSA 
weight was found by frequency change from initial value. 
[0032] Through the above-mentioned process, on the golden electrode 12 of a 
quartz resonator 1 1 , camphor and the Ova complex 13 were fixed and the sensor 
1 for 2-MIB detection was produced. Next, how to detect 2-MIB using this sensor 
is explained. 

** . - method [ of detecting 2-MIB using a competitive reaction ]: - drawing 3 
shows the conceptual diagram of the method of detecting 2-MIB using a 
competitive reaction. 



[0033] First, known concentration CM The mixed solution of the anti-2-MIB 
antibody 18 of 2-MIB17 and the known weight WA (= known concentration CA x 
volume V) was made to react. The dipping of the above-mentioned sensor 1 for 
2-MIB detection was carried out to this reaction solution, it put at the temperature 
of 30 degrees C, and the competitive reaction was performed. Next, pure water 
washed and the frequency was measured with the detection equipment of 2-MIB 
of drawing 1 after 1-hour desiccation. Weight WB of the anti-2-MIB antibody 19 
which the variation of a frequency understood from this measurement and early 
measurement, and was combined with the camphor and the Ova complex 13 on 
the sensor 1 for 2-MIB detection It asks, this result to known concentration CM 
Weight WC of 2-MIB17 and the anti-2-MIB antibody which reacted WC =WA-WB 
****** - it asks. 

[0034] ** . - creation [ of the calibration curve by 2-MIB of known concentration ]: 
-- the competitive reaction produced from the frequency measurement result of a 
quartz resonator to drawing 4 - known concentration CM Weight WC of the anti- 
2-MIB antibody combined with 2-MIB Relation was shown. Anti-2-MIB antibody 
concentration CA in a solution It is 0.04 mg/mL regularity. It is the known 2-MIB 
concentration CM so that clearly from drawing 4 . The amount WC of anti-2-MIB 
antibodies combined with 2-MIB by changing with 0.005 - 5 mg/L It turns out that 
it changes proportionally, a basis [ calibration curve / this to / this ] - the amount 
WC of joint antibodies in an anti-2-MIB antibody from - it turned out that it is 
possible to carry out the quantum of the strange 2-MIB concentration. 
[0035] [Example 2] The case where a transducer is a surface acoustic element 
(SAW component) is explained below with reference to drawing 5 and 6 about 
the gestalt of operation of the 2-MIB detecting method of this invention. Drawing 
5 is the circuit diagram having shown the system of measurement of 2-MIB using 
a SAW component. As shown in this drawing, a SAW component consists of the 
piezo-electric substrate 21 , the metal thin film 22, a propagation side 23 of 
surface acoustic waves, amplifier 24, and a mixer 25. Using the same approach 
as an example 1 , camphor and Ova complex were fixed on the propagation side 



23 of a SAW component (for example, 160MHz), and the competitive reaction 
was performed on an example 1 and these conditions. 
[0036] Relation with the amount of anti-2-MIB antibodies combined with the 
known 2-MIB concentration and 2-MIB by frequency measurement of the SAW 
component obtained as a result is shown in drawing 6 . By the same result as 
drawing 4 using a quartz resonator, this drawing was understood that it is 
possible to carry out the quantum of the strange 2-MIB concentration from the 
amount of joint antibodies based on this calibration curve. Furthermore, it can 
guess easily that a quantum can be carried out about odorant other than 2-MIB, 
for example, JIEOSUMIN, using the same approach. 

[0037] In addition, it does not pass over numerical conditions, such as an amount 
of the material of construction used in the above two examples, the processing 
time, and processing temperature, to an example, therefore this invention is not 
limited to these conditions. 
[0038] 

[Effect of the Invention] According to this invention, 2-MIB of the strange 
concentration which carries out the dipping of the transducer which fixed 
camphor and protein complex to the solution measured [ fixed concentration 
**** ], and is contained [ transducer ] in a measured solution in an anti-2-MIB 
antibody, and the camphor and the protein complex on a transducer are made to 
react with an anti-2-MIB antibody competitively, and the amount of antibodies 
combined with the complex on a transducer is calculated by output change of a 
transducer. By producing the calibration curve by known 2-MIB concentration 
and the known amount of joint antibodies, the quantum of the amount of 
strangeness 2-MIB in a measured solution can be carried out. Since this reaction 
uses the antigen-antibody reaction, as compared with the conventional quantum 
approach, 2-MIB of 1 low concentration does not have the need for concentration, 
either, and can detect it to high sensitivity. Moreover, 2-MIB can be detected 
alternatively and analysis actuation of two or more data based on statistics 



processing is not needed with the singularity of two antibodies. 3 [ moreover, ] - 
it has the advantage of ** which can carry out a quantum by easy actuation. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram of the detection equipment of 2-MIB using 
frequency measurement of a quartz resonator 

[Drawing 2] The flow Fig. showing the sensor for 2-MIB detection, and its 
production approach 

[Drawing 3] The conceptual diagram of the method of detecting 2-MIB using a 
competitive reaction 

[Drawing 4] A related Fig. with the amount of anti-2-MIB antibodies combined 
with the known 2-MIB concentration and 2-MIB by frequency measurement of a 
quartz resonator 

[Drawing 5] The circuit diagram having shown the system of measurement of 2- 
MIB using a SAW component 

[Drawing 6] A related Fig. with the amount of anti-2-MIB antibodies combined 
with the known 2-MIB concentration and 2-MIB by frequency measurement of a 



SAW component 
[Description of Notations] 

1 : The sensor for dimethyl isoborneol (2-MIB) detection 

2: Oscillator circuit 

3: Frequency counter 

4: Personal computer 

5: Measurement eel 

6: Activated carbon 

7: Air pump 

1 1 : Quartz resonator 

12: Golden electrode 

13: Camphor ovalbumin (Ova) complex 

14: Complex fixed quartz resonator 

15: The non-covered part of a golden electrode 

16: Cow serum albumin (BSA) 

17:2-MIB 

18: Anti-2-M IB antibody 

19: A joint antibody with camphor and Ova complex 

21: A piezo-electric substrate 

22: Metal thin film 

23: Propagation side 

24: Amplifier 

25: Mixer 
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6, 3) fe&mfe&mmx&z. ^x. mm<o[z^^ 

30 jfopBm&sfcSo 

[0 0 0 8] ±B©IH)BjS**HfeU MB# 
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TkelMfUj-^l 1 ©Siir^ffli: Lt, 2mL^^Df 
^-y^_ha5^^^fLT^5 0 0^ LSfOSSSrflS* 
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fc. 

[0 0 3 1] 2) *>7r- l OvaI^BSAl: 
iST'Dy^y^: ISO. 5rag/mL^)BSAg« 

Ov am^^@^U^mH##7K B B a Sib^-l 4£r 
ft-frSU 1212 (c) <D£ 0 KzKS«»^O«ffi0>*» 
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10 d» 2-MI BftBfflt^tl±©*>7r - • Ov 
afe&ftl 3 ^^Lfctii:2-M I Bfit^l 9^)tiW 

B 1 7 k ££j£ LfdSt 2 — M I B£rL#WSftW c liW c = 
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Jce^Stfleft*^**0O 2 — M I B«ft r £ 
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